This study investigates the changes in inter-annual summer precipitation and the relationship with the atmospheric general circulation in the Sahara Desert occurred in the last 40 years . The results show that the summer precipitation undergone in drought recovery with a strong abrupt change at the end of 20 th century. This change in Sahara precipitation is subsequently accompanied with the changes in the atmospheric circulation. The Sahara drought recovery is associated with a significant warming in the tropical and extratropical sea surface temperature, which led to the increase in moisture budget of the tropical African monsoon. The remarkable features such as the strengthening in Arctic high and mid-latitude upper level westerly wind, weakening in subpolar low and upper tropospheric zonal wind over North Africa have shown a distinct relationship with the Sahara precipitation changes.
Introduction
The global climate change threats and stresses daily risks to the human activities, and the lack of information is main cause of these risks [1] . The abrupt climate change may lead to the unpredicted risks. The simple definition of abrupt climate change signifies the large and faster change to reach the breaking point of climate in a given period [2] . The arid and semi-arid regions are vulnerable to the climate change as well as remaining part of the globe; it is reported that the equatorward expansion of the Sahara desert in the last 60 ka exposed the current Atmospheric and Climate Sciences relict dune in Sahel region and associated with the variability of sea surface temperature (SST) over North Atlantic (NA) and atmospheric dust loading [3] .
Not only the arid climate in the Sahara Desert but also the entire climate of Africa continent in general is most vulnerable to the global change [4] . Different studies show that the annual mean rainfall isolines range between 25 mm per year and 50 mm per year, which defines the Sahara Desert to be an extremely arid region [5] [6] [7] . The spatial distribution of the Sahara precipitation presents the relatively high annual precipitation in the western part, and the lowest annual rainfall appears in the eastern in the range of 1 mm to 5 mm per year [8] .
However, the current Sahara Desert is completely hot and dry, but reconstructed climatic models shown that, around 4000 years B.C this region was green than current situation [9] . This green Sahara was suggested by palaeobotanical evidence that disappeared in Pliocene and revealed the cooling and aridification in North Africa [9] [10] . It has been suggested that the mid-Holocene green Sahara problem implied substantial differences in rainfall patterns presumably related to the change in summer monsoon circulation [10] [11] . However, almost eighteen paleoclimate models show that the increases in monsoon magnitude over north Africa are underestimated [11] .
The changes in temperature are also one of the most evident and easily detected changes in climate, and the atmospheric circulation, water vapour and rainfall also change when the whole climate system is affected [12] . The aforementioned changes alter the hydrological cycle particularly type, amount, frequency, characteristics, and intensity of precipitation and extremes such as flood and drought which are prone to be increase owing to the global warming [12] [13].
Response of regional climate to global warming has received much attention in previous years. The Fifth Assessment Report (AR5) reported on the drying period over tropical land areas from mid-1970s to mid-1990s and subsequent increase in precipitation [14] . The AR5 through the Representative Concentration Pathways (RCP) projected that, the precipitation in most areas of Africa would be stable, but the annual precipitation in Central and Eastern Africa would increase [15] . AR5 also shows that the global precipitation trend recovery is tied to an anthropogenic forcing, particularly in the northern latitudes [15] .
Moreover, the annual precipitation over North Africa, particularly in the Atlas Mountains and the Mediterranean climate zone will experience the decreasing trend in mid and late 21 st century for RCP 8.5 [16] .
Based on satellite data, an investigation on seasonal and year-to-year precipitation in Sahara Desert shows that, the year to year precipitation is characterized by different features including mainly the two distinct (dry and wet) seasons separated by a short transition period [17] . The dry period occurs during boreal 
Data Description and Methodology
The representative observation data are adopted from the seventh version of the Global Precipitation Climatology Centre (GPCC) [18] . Full data provided by the GPCC reveals conformity with in situ precipitation data set sampled for GPCC interpolation which leads the GPCC reanalysis to be compatible with climate monitoring on reginal-scale, model evaluation and validation, analysis of climate variability and the water resource studies and related assessment researches [18] . 
And the mean of test statistic t A is calculated as;
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Spatial and Temporal Variability of the Sahara Precipitation
Africa is characterised with a large diversity of precipitation types with a distinct shift between them [5] . North Africa particularly the Sahara Desert is affected by
Mediterranean climate with a significantly high (low) winter (summer) precipitation and a tropical climate dominated with boreal summer monsoons and dry winters [5] [17] [21] .
The changes in monthly precipitation illustrate that in the last 40 years, the Sahara precipitation has conserve an obvious seasonal features, Although the magnitude of precipitation in Sahara Desert is not large, but the variability has a significant role to the large number of its habitant population. Figure 1 shows a mean precipitation calculated from GPCC monthly total of precipitation. It is evident that the precipitation distribution in Sahara Desert is highly sparse and weak in magnitude particularly in the central and eastern part of the Sahara Desert.
The spatial distribution Figure 1 
Sahara Drought Recovery
The temporal variability of the Sahara precipitation shows an unusual extreme precipitation in the middle of the 1990s. This led us to test an existence of abrupt change in the Sahara precipitation. Figure 3 shows that, the Sahara Desert has experienced a significant abrupt change in the middle of 1990s followed by an increase in precipitation. The significant abrupt changes are observed in the summer precipitation of 1992 and the 1993. This period is remarkably followed by frequent extremes in precipitation as revealed by the temporal precipitation variability in Figure 2 .
Moreover, the previous researches have evaluated paleoclimate of the Sahara Desert and have shown that, the Sahara Desert has experienced the long record of abrupt changes from wet to dry climate attributed to the different changes in climate variables mostly tied to the migration in summer rainfall [23] - [31] . The simulation of global climate models have concluded with an abrupt vegetation and precipitation collapses during mid-Holocene induced by an extreme insolation forcing [27] .
The disappearance of the green Sahara dominated by the hydrological fluctuation 
Conclusions
This study investigated an abrupt change occurred in Sahara precipitation and the contribution of general circulation during the last four decades 1971-2010.
Although, the magnitude in the Sahara annual precipitation is low, the variability of arid precipitation conserves a tremendous effect on the sustainability of regional agriculture and oasis eco-environment [38] [39] [40] [41] . Thus, this study leads to the following conclusions  Sahara precipitation has shown a significant seasonal variability features dominated with a relatively high in summer and early autumn precipitation.
In the last four decades, the Sahara precipitation shows an increase and significant trend of 15.2%/10a.  The summer precipitation in the Sahara Desert has experienced a remarkable drought event from 1971 to the early 1990s, which should be related to the decrease in global precipitation occurred during 1950 to late 1980s [12] and the drought occurred in Sahel [21]  The early 1990s to 2010 presents a dramatic drought recovery accompanied with an abrupt change occurred in the period between 1992 and 1993 ( Figure   3 ). This change resulted in positive trend of 18% per decade while the period of 1971-1991 shows a positive trend of only 5%/10a, but trends are not statistically significant.  Abrupt change occurred in Sahara summer precipitation is tied to the warming in North Atlantic and Mediterranean Sea SSTs which trigged the African tropical moisture and to the increase in moisture budget in the southern part of the Sahara Desert. Moreover, the changes in middle tropospheric general circulation components reflected through the increase in subpolar low and subtropical high over the North Atlantic region and the change in the upper level zonal wind have also shown a great contribution to an occurred abrupt change and the increase of the Sahara precipitation.
